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(54) Impedance feedback monitor for electrosurgical instrument 



(57) An impedance monitoring device is provided for 
monitoring the electrical impedance of tissue as it is 
treated with electrosurgical energy. Based on a predict- 
ed model of tissue impedance and a number of initial 
impedance readings, the impedance at which tissue 
treatment is completed is predicted. More particularly, a 
minimum impedance level is measured and a function 
of the minimum impedance is used to determine imped- 



ance at which coagulation is completed. A control de- 
vice is provided for bringing the output of the generator 
within an optimum range based on a system load curve. 
In one embodiment the impedance monitoring device is 
used in conjunction with a bipolar electrosurgical instru- 
ment. Preferably, the instrument comprises electrically 
opposite electrodes located on one or more tissue en- 
gaging surfaces for engaging tissue to be treated. 
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Description 

[0001] This specification is divided from European 

Patent Application No. EP95306723.8, tlie entire con- 
tents of which are incorporated herein by way of refer- 
ence. 

Field of the invention 

[0002] This invention relates to electrosurgical tissue 
treatment, and in particular, to a method and apparatus 
for controlling the electrosurgical treatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgical device. 

Bacicground of tlie invention 

[0003] Electrosurgical generators are used to deliver 
therapeutic electrical energy to surgical instruments. 
These instruments are used for example, for cutting, co- 
agulation, tissue welding, ablation, and dissection. Both 
monopolar and bipolar generators typically supply elec- 
trosurgical energy in the radio frequency (RF) range to 
such instruments, Usually such generators include con- 
trols that regulate the voltage and/or current so that a 
select power level is approximately delivered and a 
maximum power level is not exceeded. 
[0004] When such RF generators are used, the pri- 
mary control Is the experience of the surgeon who re- 
sponds to what is observed to be happening to the tissue 
as it is treated with the RF energy. Often, particularly for 
endoscopic procedures, surgeons cannot readily see 
what is happening to the tissue. Also, the change in tis- 
sue properties due to the RF energy may occur so quick- 
ly so as not to afford time for the surgeon to react soon 
enough to turn off electrical energy to the instrument. As 
a result, some problems which may occur include tissue 
charring, sticking of tissue to the electrodes of the sur- 
gical instrument, and over or under treatment of tissue. 
[0005] It has been recognized that the tissue imped- 
ance changes as RF energy Is applied to the tissue. At- 
tempts have been made to control the power delivered 
to the tissue as the tissue impedance changes. For ex- 
ample, current has been controlled based on the change 
in the voltage or the power delivered by the generator 
to tissue. The differential quotient of tissue impedance 
as RF power is applied to the tissue has been used to 
detemnine an initial power level and to switch off RF 
power when the differential quotient of impedance 
reaches a preset value (see DE 3120102). 
[0006] Notwithstanding these control an-angements, 
there is a continuing need for improvement in the control 
of electrosurgical energy deliverance to the tissue and/ 
or determination of when tissue treatment has reached 
an optimal level. 

[0007] In particular there is a need to provide a device 
and method for determining the end point of coagulation 
for a variety or a range of tissue impedance, due to, e. 
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g., varying tissue composition, tissue types and treated 
tissue areas and/or volumes. 
[0008] The present invention relates to a device and 
method of the type described in EP-A-0 640 317. 

Summary of the Invention 

[0009] The present invention provides an electrosur- 
gical device as defined in claim 1 and a method of op- 
erating such a device as defined in claim 9. The present 
invention further provides an electrosurgical feedback 
control device as defined In claim 1 1 . The device mon- 
itors the Impedance of tissue between poles of a thera- 
peutic electrosurgical instrument. Based on a model of 
expected tissue impedance behavior overtime with the 
deliverance of electrosurgical energy, the monitored tis- 
sue impedance is used to detemnine tissue status. This 
will be described in more detail below. Aslgnal indicating 
status of tissue is provided either to a user or to an in- 
strument controller. The device may also include a 
switch which automatically turns off the electrical energy 
when treatment is completed. 
[001 0] In accordance with the present invention , a tis- 
sue impedance monitor is provided which continuously 
measures tissue impedance as electrical energy is de- 
livered to tissue. According to known tissue impedance 
models, tissue impedance initially drops as electrical en- 
ergy is applied and then begins to rise again as coagu- 
lation occurs. The present invention provides for estab- 
lishing a value for the minimum impedance, i.e., when 
the impedance is at its lowest value as the energy is 
applied. Then, the impedance value anticipated to pro- 
vide the desired tissue effect is detemiined by calculat- 
ing a selected function of the established minimum im- 
pedance. When the measured impedance rises to the 
level of the impedance value for the desired result, e.g., 
coagulation, tissue welding or a level of diathemiy, the 
instrument will indicate or provide a response for such 
event. The present invention is preferably adapted so 
that the condition is detected for a range of expected 
tissue impedances which varies according to tissue 
type, area and/or volume. 

[0011] In a preferred embodiment the desired tissue 
condition is where coagulation is completed. When this 
point has been reached a feedback signal is provided 
to a control unit or to the user, at which time the energy 
supply is switched off. The feedback signal may, for ex- 
ample, provide a visual, audible or tactile signal to a us- 
er, and/or may provide instructions to a control unit to 
automatically tum off energy supplied to the tissue. 
[0012] Optionally, the device may also include a 
switch, adapted to tum off electrcal energy when a short 
circuit condition is detected, when an open circuit con- 
dition Is detected or when the device is on, i.e., supplying 
current or voltage for a preset maximum amount of time. 
[0013] In accordance with one aspect of the present 
invention, an electrosurgical apparatus for coagulating 
tissue during a surgical procedure comprises an end ef- 
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fector with opposing interfacing surfaces which may be 
closed towards each other to engage tissue to be elec- 
trosurgically treated. Preferably the end effector in- 
cludes first and second elements movable relative to 
one another for engaging tissue to be coagulated ther- 
ebetween. At least one of the electrical poles of the in- 
strument is comprised of an electrode associated with 
at least one of the first and second elements. The elec- 
trode is in contact with the tissue to be coagulated. A 
power controller responsive to a power control signal 
provides RF energy to the tissue contacting electrode 
(s) of the first and/or second elements. 
[0014] impedance measuring circuitry Is coupled to 
the RF generator output and measures the Impedance 
of the tissue between electrodes corresponding to the 
first and second poles. Feedback circuitry is coupled to 
the impedance measuring circuitry. The feedback cir- 
cuitry includes a first device for determining a minimum 
Impedance value and holding said minimum impedance 
value. A second device provides a threshold determin- 
ing circuit coupled to the first device. The threshold de- 
termining circuit determines a threshold impedance val- 
ue as a function of the held minimum Impedance value. 
[0015] The threshold detemiining circuit may com- 
prise an analog device for detemiining the function of 
minimum impedance or a digital circuit including, for ex- 
ample, a look up table for detemiining the threshold Im- 
pedance value based on an input minimum impedance 
value. 

[0016] After a threshold value has been determined, 
a first comparator compares the measured impedance 
value to threshold impedance value and generates a 
power control signal to the power controller to control 
the RF energy delivered to the tissue upon the condition 
of the measured Impedance value exceeding the 
threshold impedance value. 

[0017] A power controller may include at least one 
electrical switch for selectively supplying RF energy to 
the instrument to coagulate tissue positioned between 
the first and second elements. 
[001 8] The power controller may selectively switch off 
the power supplied to the tissue under a number of con- 
ditions. The controller may be used to switch off power 
when the measured Impedance value exceeds the 
threshold impedance value, when an open circuit con- 
dition or a short circuit condition exists, or if voltage and 
current is supplied for a period of time exceeding a max- 
imum. 

[0019] Another aspect of the present invention pro- 
vides a control device for bringing the energy output of 
the generator within an optimal range detemiined by a 
system load curve. The control device uses measured 
load impedance to detennine the desired energy level 
output and compares the desired energy output to the 
actual energy delivered to a target including tissue. The 
control device takes the resulting comparison and con- 
trols the generator output accordingly. 
[0020] Although the instrument may be a monopolar 



device or a multipolar device including two or more than 
two poles, the end effector preferably includes two elec- 
trically opposite electrodes corresponding to two elec- 
trically opposite poles. 

5 [0021] In the preferred bipolar device, electrically op- 
posite electrodes of each of the poles are located on 
one or both of the opposing surfaces. Each of the first 
and second electrically opposite poles comprises at 
least one tissue contacting electrode. The electrodes 

10 are arranged on the distal end of the electrosurgical de- 
vice so that when the first and second elements close 
together to engage tissue, opposite electrodes are lo- 
cated between a portion, of the engaged tissue. The im- 
pedance monitoring circuit monitors the impedance of 

15 the tissue between the electrodes during the delivery of 
RF energy through that tissue. As described above a 
minimum impedance is measured from which threshold 
impedance is calculated. A comparator compares the 
measured impedance values to the determined thresh- 

20 old impedance value and generates a control signal to 
switch off the RF power delivered to the tissue, upon the 
condition of measured Impedance value exceeding the 
threshold impedance value. 

[0022] In one preferred embodiment each of the e\eo 

25 trodes corresponding to the first pole are offset with re- 
spect to the interfacing surface from each of the elec- 
trodes corresponding to the second pole. In other words, 
the electrodes are offset from each other so that they 
are not diametrically opposed from each other on inter- 

30 facing surfaces orthey are separated and insulated from 
each other on the same surface. 
[0023] In the prefen-ed embodiment the electrosurgi- 
cal instrument compresses tissue in a compression 
zone between the first interfacing surface and the sec- 

35 ond interfacing surface and applies electrical energy 
through the compression zone. More preferably, the 
compression zone is an area defined by a compression 
ridge on one of the Interfacing surfaces which com- 
presses the tissue against the other interfacing surface. 

40 Alternatively or in addition, there may be a compression 
ridge on both interfacing surfaces. 
[0024] One embodiment includes a cutting element 
associated with an end effector. The cutting element is 
arranged to cut tissue at or near the coagulation site. 

45 Preferably, the coagulation is completed prior to any me- 
chanical or other cutting at or around the coagulation 
site. Once tissue is coagulated or cauterized, the cutting 
element may be used to cut through the coagulated tis- 
sue or between two zones of tissue coagulation. 

50 [0025] In another embodiment, the hemostatic device 
is incorporated into a linear cutter similar to a linear cut- 
ting mechanical stapler. In this embodiment the hemo- 
static device comprises two substantially parallel and 
elongated electrode bars which are associated with one 

55 pole, and a slot for cutting means to travel between the 
bars. Optionally one or more rows of staples may pro- 
vide on each side of the slot and bars to provide addi- 
tional hemostasis. 
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[0026] In operation, tissue is clamped between two 
jaws of the instrument, and electrical energy in the forni 
of radio frequency ("RF") energy Is supplied to the com- 
pressed tissue to coagulate or cauterize blood vessels 
along the two substantially parallel bars. Based on the 
impedance modeling of the device with this specific 
electrode configuration, an appropriate function of the 
minimum impedance is incorporated Into the impedance 
feedback circuit to detemnine an appropriate threshold 
impedance level. A warning mechanism is used to warn 
the user when the impedance is out of range or exceeds 
the threshold impedance level. Also the warning signal 
may be directed to a control circuit or power controller 
adapted to then provide an appropriate instrument re- 
sponse, including where appropriate to turn off the RF 
energy delivered to the tissue. 
[0027] In accordance with another aspect of the 
present invention a method of operating apparatus for 
electros urgically treating tissue during surgical proce- 
dure is provided. Accordingly, a prefen-ed method com- 
prises the steps of: applying RF energy to tissue to be 
electrosurgically treated by means of an electrosurgical 
instrument; measuring the impedance of the tissue be- 
tween electrodes correspondingto two poles of the elec- 
trosurgical instrument; generating the impedance signal 
representative of the impedance of the tissue; and con- 
trolling the RF energy applied to the electrosurgical in- 
strument in response to the impedance signal. 
[0028] The step of controlling the RF energy applied 
to the electrosurgical instrument may comprise the 
steps of: determining and holding minimum Impedance 
value; determining a threshold Impedance value based 
on a function of the minimum impedance value; com- 
paring measured impedance values to the threshold im- 
pedance value; and generating a control signal to con- 
trol orswitch off the power of the controller upon the con- 
dition of measured impedance value exceeding the 
threshold impedance value. 

[0029] In accordance with yet another aspect of the 
present invention, a method of operating an electrosur- 
gical apparatus for coagulating tissue during surgical 
procedure comprises the steps of: providing an electro- 
surgical instrument having an end effector comprising 
the first and second tissue engaging surfaces, at least 
one of said first and second tissue engaging surfaces 
including thereon a tissue contacting electrode, associ- 
ated with a first pole of an electrosurgical system and at 
least one of said first and second tissue engaging sur- 
faces containing thereon a second tissue contacting 
electrode associated with a second pole of the system; 
engaging tissue to be coagulated between the first and 
second tissue engaging surfaces; selectively controlling 
RF energy supplied to the first and second tissue con- 
tacting electrodes for coagulating tissue positioned ther- 
ebetween; measuring the impedance of the treated tis- 
sue; detemiining and holding a minimum impedance 
value; detemiining a threshold impedance value based 
on a function of the minimum Impedance value; com- 
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paring measured impedance values to the threshold im- 
pedance value; and controlling or switching off the RF 
energy connected to the first and second electrodes up- 
on the condition of the measured impedance value ex- 
5 ceeding the threshold impedance value. 

[0030] Other objects and advantages of the invention 
will apparent from the following description, the accom- 
panying drawings and the following claims. 

10 Brief Description of the Drawings 

[0031] 

Fig. 1 is a side view of a bipolar endoscopic elec- 
15 trosurgical instrument operable in accordance with 
the present invention; 

Fig. 2 is a partial cross-sectional view of the distal 
end of the instrument of Fig. 1 in an open position; 

20 

Fig. 3 is a partial cross-sectional view of the distal 
end of the Instrument In Fig. 1 in a closed, unfired 
position; 

25 Fig. 4 is a partial cross sectional view of the distal 
end of the instrument in a closed, fired position; 

Fig. 5 is a front cross sectional view of the distal end 
of the instrument of Fig. 1 along the line 5-5; 

30 

Figs. 6-9 represent a schematic blocic diagram of a 
microprocessor controlled impedance monitoring 
apparatus for controlling the RF energy delivered 
by electrosurgical instrument of Figure 1 ; 

35 

Fig. 10 is a schematic block diagram of an analog 
embodiment of the controller for use in the appara- 
tus of Figure 1 ; 

40 Fig. 1 1 is a logic diagram of the controller of Fig. 1 0 
illustrating control logic for RF output control; and 

Fig. 12 is a characteristic curve illustrating the 
change in impedance over time during application 
45 of electrosurgical energy to tissue using the elec- 
trosurgical instmment illustrated in Figure 1. 

Detailed Description of the Invention 

50 [0032] While the present invention is generally appli- 
cable to a variety of electrosurgical Instruments both 
monopolar and multipolar, and both conventional and 
endoscopic, it will be described herein with reference to 
a bipolar linear cutting instrument. 
55 [0033] The primary purpose of the Impedance moni- 
toring device is to detemnine when the tissue has been 
treated to a desired degree. Preferably this treatment is 
completed when the tissue has been cauterized and be- 
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fore excessive tissue sticking, burning or cliarring oc- 
curs. The impedance of tissue as it is being heated with 
electrosurgical energy generally follows a characteristic 
tissue impedance curve. According to the Impedance 
curve, generally the impedance will decrease, arrive at 5 
a minimum value, and then rise as coagulation and tis- 
sue desiccation occurs. At an impedance or within a 
range of impedances on a characteristic curve, coagu- 
lation will predictably occur. 

[0034] Figure 12 Is a characteristic impedance curve 
illustrating the change in tissue impedance over time, 
during the application of electrosurgical energy using 
the electrosurgical Instrument illustrated in Figs. 1-5. 
The present Invention determines a threshold imped- 
ance on the curve at which coagulation has occun-ed, 
target '^^^^ impedance is based on the value of the 
lowest impedance on the curve, Z^j^ 45, i.e., when the 
Impedance has stopped falling and begins to rise. A 
function of the minimum impedance f(Zn,in) is used to 
approximately predict a point at which coagulation oc- 
curs, Ztarget 46. 

[0035] Referring now to Fig. 10 there Is illustrated a 
schematic block diagram of an analog embodiment of 
the impedance monitoring device of the present inven- 
tion. The impedance monitoring device detemiines 
when coagulation is complete as well as other instru- 
ment parameters, for example, if there is an open circuit, 
short circuit or If voltage and curent is supplied to the 
tissue for more than a predetemnined maximum amount 
of time. Such conditions may indicate a problem with the 
instrument and/ortissue engaged by the instrument. For 
example, if excessive, not enough, or Inappropriate tis- 
sue is engaged by the Instrument. 
[0036] The Instrument 1 0 is positioned to engage tis- 
sue to be treated. Then, when appropriately positioned, 
RF energy is supplied to the tissue. 
[0037] A generator 70 supplies RF energy to the tis- 
sue engaged by the end effector 15 of the Instrument 
10. Preferably 30 to 200 volts RMS at a fundamental 
frequency, preferably of a sinusoidal wavefomn at a fre- 
quency of about 300 Khz to 3 Mhz is supplied with a 
current of about 0.1 to 4.0 amps. The generator 70 is 
turned on by a user operated switch 42. The user oper- 
ated switch 42 provides a signal to the controller 79 to 
turn on the energy. The output 129 of the controller is 
coupled to an analog switch 130. When output 129 pro- 
vides an "RF on" signal to the switch, 130, an oscillator 
72, coupled to an analog multiplier 75 through the switch 
1 30, supplies a voltage of a known frequency to the an- 
alog multiplier 75. The output of the analog multiplier 75 
is coupled to a driver 76 which is coupled to the input of 
an RF amplifier 71 . An amplified RF signal Is supplied 
by the generator 70 to a circuit 80 which includes the 
first electrode 39 and second electrode (anvil 1 8) of the 
instrument 10, and the tissue 43 to be treated by the 
instrument 10. 

[0038] The cun-ent and voltage delivered to the tissue 
is measured and an RMS current ("Ipj^s") 



voltage ("Vrms") 's detemiined. 
[0039] A voltage and current sensor 81 senses the 
current and voltage delivered to the tissue. The voltage 
and current sensor 81 includes a low impedance current 
transfomner 82 in series with the generator 70; and a 
high impedance voltage transformer 83 connected in 
parallel across the generator 70. Preferably the current 
transfomner 82 has, for example, a 1 :20 winding ratio 
and a 50 ohm resistor in parallel with the secondary of 
the transfonner. Preferably the voltage transfomrier 83 
has, for example, a 20:1 winding ratio and a 1K ohm 
resistor in parallel with the secondary of the transformer 
[0040] The output of the current transfomner 82 is cou- 
pled to an RMS converter 84. The RMS converter 84 
converts the sensed cun^ent to a DC signal to provide 
output 86, representative of lp,|^s- The output of the volt- 
age transformer 83 is coupled to an RMS converter 85. 
The RMS converter 85 converts the voltage signal into 
an DC signal and provide output 87, representative of 
Vrms- 

[0041] The measured impedance, Z, is then calculat- 
ed from the measured lp„^s ^rms- The outputs 87, 
85 of Vpiy^s 'rms supplied to an analog divider 
88 which divides the Vp,^s by the current Irms^o provide 
an output signal 89 representative of the measured Im- 
pedance, Z. 

[0042] From the Ir^is. ^ms measured imped- 
ance, Z, the impedance monitoring device detemiines 
whether a short circuit or open circuit condition exists, 
whether voltage and current has been delivered for an 
amount of time exceeding a predetemnined maximum, 
and whether coagulation is complete. 
[0043] A short circuit condition is detennined by com- 
paring the measured impedance, Z, to a predetermined 
short circuit Impedance threshold at or below which 
short circuit is likely to exist ("Zsc"). If the measured Z 
is at or below the ZgQ, a short circuit signal is provided 
to the controller. 

[0044] The impedance signal 89 is Input to a short cir- 
cuit detector 90 comprised of a comparator. The positive 
input 92 of the comparator is connected to a potentiom- 
eter 93 which sets the threshold impedance, Zqq. When 
the Impedance signal 89 causes the Input at the nega- 
tive input 94 of the comparator 91 to be lower than that 
at the positive input 92, an "on" condition occurs at the 
output 95 of the comparator 91 . This condition is com- 
municated to a logic controller 79 which provides a pre- 
programmed instrument response, which. In this em- 
bodiment, includes turning off RF energy. 
[0045] An open circuit condition exists if there is a volt- 
age between the electrodes 18, 39, and no current. An 
open circuit is detennined as follows: If the Vri^s ^ 
above a predetemriined minimum threshold indicating a 
voltage, V^hresh' the Is below a predetemnined 
minimum current threshold indicating a current, Ithresh- 
then an open circuit signal is provided to a controller. 
[0046] A current threshold detector 1 06 includes a po- 
tentiometer 1 07 coupled to the negative input 1 08. The 
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potentiometer 107 sets the It^resh '®vel so that when a 
current is present, the cun-ent detector 1 06 will indicate 
as such. The 1^^$ signal 86 is connected to the positive 
input 109 of the comparator 106. Thus, when the Ir^^s 
is greaterthan the value, Ithresh's^^^^V^h® Potentiometer 
1 07, a positive voltage appears at the output 11 0 of the 
current threshold detector 1 06. 
[0047] Simllarty, a voltage threshold detector 113 in- 
cludes a potentiometer 114 connected to the negative 
input 115. The potentiometer 114 sets the voltage 
threshold at which the threshold detector 113 registers 
a positive output, V^^resh w^^i^ ^ minimum voltage is 
present. The Vp^s signal is Input to the positive input 
116 of the threshold detector 113. Thus, if the Vr^^s ex- 
ceeds the Vjf^resh by the potentiometer 1 1 4, a positive 
voltage will appear at the output 117 of the voltage 
threshold detector 113. 

[0048] The output 1 1 7 of the voltage threshold detec- 
tor 1 1 3 is also coupled to an AND gate 1 1 1 and the out- 
put 1 1 0 of the current threshold detector 1 06 is coupled 
to an inverted input 112 of the AND gate 111 . The AND 
gate 111 acts as an open circuit detector. When the 
Vrms exceeds the Vt^resh where the Ip^g does not 
exceed Ithresh' ^ '^O^^ ^ will appear at the output 120 of 
the AND gate 111 indicating an open circuit. The output 
120 of the AND gate 11 1 is coupled to the controller 79 
to communicate the open circuit status. 
[0049] If current or voltage is supplied an extended 
period of time and a coagulation complete condition has 
not been detected, it may indicate, for example, that the 
Instrument is not clamped on tissue or that a malfunction 
has occurred. If the Vri^s "s above the predetennined 
Vthresh or the 

'rms '® ^bove Ithresh' then a timer Is turned 
on. If the timer is on for a period of time greater than a 
predetennined maximum amount of time, T^g^' then a 
time over signal is provided to the controller. If the du- 
ration of the timer on is not greater than T^a^ then the 
device continues to supply RF current to the tissue and 
continues to measure current, voltage and impedance, 
etc. as described above. 

[0050] The output 1 1 0 of the cun-ent threshold detec- 
tor 106 is coupled to an OR gate 118 which is coupled 
to a timer 1 21 . If the Ir^s exceeds the lthresh» the output 
110 of the current threshold detector 1 06 will present a 
logic 1 to the OR gate 118 which will then turn on the 
timer 121. 

[0051] Similarly the output 117 of the voltage thresh- 
old detector 113 is coupled to the OR gate 118. If the 
Vthresh is exceeded by Vr^^s. the OR gate 118 will 
present a logic 1 at its output 1 1 9 and turn on the timer 
121 . The output 123 of the timer 121 Is coupled to the 
controller 79. When the timer 121 has been activated 
for an amount of time that exceeds a preset threshold 
time, T^ajj, the output 123 will be a logic 1 . The timer is 
reset with the user activated switch 42 which is coupled 
to the timer reset input 122, when the instrument 10 is 
reset. 

[0052] A coagulation complete condition is deter- 



mined as follows: First, Z^in is detennined. Then, a tar* 
get impedance at which coagulation Is complete, Zjarget' 
Is calculated as a function of the minimum impedance. 
The Initial impedance, Z^j^, 'Z^rgev slope of the imped- 
5 ance curve, and time to complete may vary for a given 
application and/or Instrument, but tend to correlate to a 
function of minimum impedance. Depending on the in- 
strument used and/or the actual desired result, the ac- 
tual function of minimum impedance may vary. In this 
10 particular embodiment f(Zn,in) is linear: f(Zj„jn) = 0.2Z + 
500. This function is bound, i.e., where Z^jp is > 560 
ohms, then is Z^j^ + 50 ohms. HZj^\t^ may be a 
different function. It may be continuous, non-continu- 
ous, linear, non-linear, a piecewise approximation and/ 
15 or in the form of a lool<-up table. f(Zn,jn) may also be 
bound at different values. 

[0053] The impedance signal 89 is used to detemnine 
tissue coagulation as follows: First, a determination is 
made whether the measured Z is a minimum Imped- 
ance, Z^ip. The impedance signal 89 is inverted and off- 
set by a gain offset inverter 96. The output of the gain 
offset inverter 96 is in turn Is coupled to a peak detector 
97. The output 102 of the gain offset inverter Is repre- 
sentative of an inverted and offset measured Z, i.e., (-Z 
+ k). Z^in will now be the highest offset value of (-Z + k) 
encountered. 

[0054] The peak detector 97 thus detects and holds 
the highest value of the Inverted and offset measured 
impedance, Z, which is Z^j^. When Zj^^„ has occurred, 
the output 1 03 of the peak detector 97 is representative 
of (-Z^in + k). RF energy Is continued to be applied to 
the tissue and the monitoring for short circuit, open cir- 
cuit and time over as well as looking for a Z^t^ continues 
until a Z is equal to Zta^gf 

[0055] When the Z^j„ has been determined, function 
of the Z^ij^ (f(Zmin)) calculated to provide a Imped- 
ance, Z^rgeti ^t which treatment (coagulation) is com- 
pleted. The output 103 of the peak detector 97 is cou- 
pled to a threshold detemriining circuit 98 which calcu- 
lates the function of Z^^i^ to determine the Z^argQi- The 
output 99 of the threshold determining circuit is repre- 
sentative of Zf^t when the measured impedance Is 
equal to Z^j^. 

[0056] A continuous comparison is made between Z 
and f(ZrY^in)- It should be noted here that f(Z„,jn) is con- 
tinuously calculated as f(Z) until a Z^j„ is detected. The 
comparison is continuously made between Z and f(Z) 
until Zf^in is determined. This does not have a significant 
consequence, however, because it is anticipated that f 
(Z) will be larger than Z during tissue treatment and a 
premature coagulation complete signal therefore will not 
occur. 

[0057] If measured Z is less than or equal to the Zt^rget 
then RF energy is continued to be supplied and steps 
described above are earned out until a signal has been 
provided to the controller that there is an open circuit 
signal, short circuit signal, a time over signal, or a coag- 
ulate complete signal. If the measured Z is greaterthan 
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or is equal to "Z^^rgeC t^®" ^ signal is provided to the 
controller that coagulation has been completed. Again 
it is noted that in this ennbodiment, Z has been inverted 
and shifted In order to accommodate Z^^i^ determination 
via the peak detector 97. The impedance values re- 
ferred to in this paragraph are the actual impedance val- 
ues 

[0058] The output 99, Z^^^, of the threshold deter- 
mining circuit 98 Is coupled to the positive Input 101 of 
a comparator OP amp 1 00. The output 1 02 of the gain 
offset inverter 96 Is coupled to the negative input 1 04 of 
the comparator 1 00. The comparator 1 00 compares the 
•Z + k representative value which Is input to the negative 
input 1 04 of the comparator 1 00, to the Z^^g^x represent- 
ative value which is calculated as a function of '2^^^-^^. 
If -Z + k is less than or equal to the Z^arget^ the comparator 
output 1 05 will be positive. That is, if the measured Z Is 
greater than f(Z„in)> a coagulation complete signal will 
appear at the output 1 05 of the comparator 1 00. 
[0059] A signal is provided to a controller for each con- 
dition indicating whether or not a given condition exists. 
Upon the existence of one or more of these conditions 
the RF energy Is automatk^aily tumed off by the control- 
ler. Fig. 11 illustrates the system logic of the controller 
79. The controller 79 includes a short circuit input 124, 
a coagulation complete input 125, an open circuit input 
126 and a time out input 127, as well as a reset Input 
1 28. The controller 79 also includes a RF control output 
129 which switches on and/or off the RF generator de- 
livery of electrosurglcal energy to the tissue. As long as 
the output 1 29 is a logic 1 , the RF is on. The output 1 29 
is a logic 1 when coagulate complete 125. time out 127, 
short circuit 1 24, the open circuit 1 26 and the reset input 
1 28, are all at a logic "0". If any one or more of the Inputs 
124, 125, 126,127, 128 areata logic "1" the RF control 
output 129 is a logic "0" and the RF is tumed off. 
[0080] A preferred embodiment provides a control de- 
vice which controls the generator energy output based 
on load impedance. The load impedance is used to de- 
termine a preferred energy level, e.g., voltage, current 
or power level, based on a specific system load curve 
for a generator, instrument and/or application. The con- 
trol device then compares the actual energy level for the 
measured impedance with the desired energy level and 
adjusts the generator output according to the difference 
between the two, i.e., preferably to minimize the differ- 
ence between the two. 

[0061] The specific load curve preferably reflects the 

voltage, cunrent, power, for a range of impedance that 
will optimize performance of the instrument. The load 
curve may have various fomis, for example, it may be 
continuous or may be stepped. The load curve may vary 
from generator to generator, for a particular instrument 
in use with the generator, or for a particular electrosur- 
gical application of the generator. For example, In a one 
embodiment using an instrument such as described 
herein, three impedance ranges have been identified at 
whteh different energy requirements exist: Initially tissue 



impedance is in a lower range, e.g., approximately 20 
to 100 ohms. In the lower ranges, more cun-ent is re- 
quired to provide enough power to Initiate tissue coag- 
ulation. A second, mid-range of impedances, e.g., ap- 

s proximately 100 to 500 ohms, requires enough power 
to maintain the coagulation process. A third range of 
higher impedances typically occurring towards comple- 
tion of coagulation, e.g., approximately 500 ohms and 
above, requires the voltage be limited to prevent spark- 

10 ing and tissue sticking. Thus the system load curve in 
this embodiment would reflect both the inherent charac- 
teristics of the generator and voltage output at wh ich op- 
timum power is delivered for a particular impedance, as 
well as the specific power requirements for a predeter- 

IS mined instalment and application. 

[0062] Refemng to Fig. 10, a generator with a servo 
loop control device, is illustrated. The impedance signal 
89 and the voltage Vp^^s signal 87 are fed back to the 
generator 70 through a control device which comprises 

20 a function fitting device 61 and an error amplifier 62. The 
control device causes the generator 70 to produce volt- 
ages within a desired range based on a load impedance 
fit to a specific load curve. 

[0063] The impedance 89 is fed to a function fitting 
25 device 61 . The output 64 of the function fitting device 61 
represents a desired voltage based on the input imped- 
ance 89. This desired voltage function Is the voltage re- 
quired for the generator 70 to produce a partk^ular, pre- 
determined load curve. Desired voltage output 64 along 
30 with actual voltage is fed into an error amplifier 62. The 
output 65 of the en-or amplifier 62 represents an error 
voltage which Is fed into an analog multiplier 75 through 
a diode 77. 

[0064] Alternatively, current, power or another energy 
35 parameter may be used to control the output of the en- 
ergy source or generator 70. A signal corresponding to 
Impedance of the target is Input into the function fitting 
device which provides a desired cun-ent, power or other 
energy parameter output, which Is then compared to the 
40 Pleasured or calculated current, power or other energy 
parameter. 

[0065] The diode 77 ensures first quadrant operation 
of the analog multiplier 75. The analog multiplier 75 
functions as an amplitude modulator of oscillator 72 

45 such that large error voltages at output 65 result in large 
outputs from RF amplifier 71 . And small error voltages 
of output 65 result In smaller RF output from RF amplifier 
71 . Thus, generator 70 acts as a closed-loop servo sys- 
tem based on voltage such that a desired load curve is 

50 obtained. The loop compensation device 63 acts to sta- 
bilize the servo loop. If an electrical parameter other 
than voltage is used, the fomri fitting function preferably 
outputs a signal reflecting the difference In the alterna- 
tive energy parameter. 

55 [0066] Refenring now to Figures 6-9 a flow chart illus- 
trates a method for carrying out a microprocessor con- 
trolled embodiment of the present invention. When the 
system is turned on (block 200), the variables including 
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Zmin. Vthresh. 'thresh- ^'"^6 over. and Ziniy^,, are initialized 
(block 201), The system continues to look for the acti- 
vation of the RF switch (block 202). When the RF switch 
Is turned on, the interrupts are set for RF Switch (block 
203), for Short Circuit (block 204), and Open Circuit 
(block 205) so that when one of these inten-upt condi- 
tions occur, the microprocessor automatically goes to 
the instructions associated with block 234. 
[0067] After the interrupts are set, the timer Is started 
(block 206). A sequence is run to check the RF amplifier 
health (block 207) , e.g . , to look for an Amplifier On signal 
or to check if certain voltages are in a suitable range. If 
the amplifier is operating properly, RF energy is turned 
on (blocks 208 and 209). 

[0068] If the amplifier Is not operating correctly, an RF 
Off request is made (blocks 209 and 210) and a Hard- 
ware Failure Alert flag is set (block 211). The system 
looks for a hardware failure flag (block 233). When the 
hardware failure is detected, the controller provides a 
hardware failure alert indication and shuts off. (blocks 
243 and 244). 

[0069] If hardware failure is not indicated (block 233), 
then Vrn^3 and is read (block 235) to determine if any 
voltage or current Is being supplied by the system (block 
236). When the system is first initialized, until the in- 
struction to turn on energy in block 209 is reached, there 
should be no cun^ent or voltage. If there is a voltage or 
current with the RF request off, then there Is a hardware 
failure. A hardware failure alert is indicated and the pro- 
gram is stopped ( blocks 243 and 244). 
[0070] If RF energy Is turned on (block 209), then the 
Vrnis srici 1^ are read and the impedance, Z, is calcu- 
lated by dividing the V^n.^ by the l^n^s (block 212). The 
controller checks to see if the Vg^y^ and Ignabie ^'^9^ 
are set. (block 213). These flags are set when a mini- 
mum threshold voltage is present and a minimum 
threshold current Is delivered through the electrodes of 
the device, (blocks 214, 215, 216, and 217). 
[0071] If the Vgr^bie len^bie ^'aQS are set (213) the 
software looks for a time over condition to detennine if 
the device has been on for a period of time in excess of 
a maximum. If a time over condition is recognized, the 
timer flag is set, RF energy is turned off (blocks 21 8 and 
21 9) and a hardware failure check is run (block 233). 
[0072] After looking for a time over condition , the con- 
troller checks for a short circuit or open circuit condition. 
If a short or open circuit exists, the con^espondlng short 
circuit or open circuit bit is set (block 220), RF energy is 
turned off (block 221), and a hardware failure check is 
run (block 233), 

[0073] The controller checks again for \/en^e an<^ 'en- 
in block 222, before proceeding to the threshold de- 
termining portion of the circuit Illustrated in Fig. B. If the 
voltage or current did not exceed Vt^resh 'thresh '"^ 
blocks 21 4 and 21 6, the controller iterates the sequence 
beginning at block 21 2 for detecting time over, short cir- 
cuit, open circuit, I.e., the coagulation complete detec- 
tion enable. This enables the device to wait until enough 



current and voltage is delivered to the circuit to check 
for the coagulation complete condition. 
[0074] If the Venabie 3"^! ignabfe "ao® ^r® Set, the short 
circuit and open circuit bits are not set (block 220), and 
s the time over condition does not yet exist (block 21 9), 
the measured Impedance used to determine If coagula- 
tion is complete as follows. 

[0075] The Z Initial flag is set during the first iteration 
and Z^jp is initially assigned the measured impedance 
10 value (blocks 223-225). Initially, Z^j^ is the same as the 
measured impedance and thus block 227 is bypassed 
at block 226. A calculation is made of f (Z^^j^) (block 228). 
As long as the measured impedance is less than the f 
(Zj^jp), the sequence is iterated (229, 231). In the next 
15 iteration of blocks 223-231 , the newly measured Imped- 
ance is compared to the previous measured impedance 
which has been assigned Z^|p (block 226). As long as 
the Impedance is decreasing, Z^jp will be reassigned 
the new value of the measured impedance (blocks 226 
and 227) and the steps repeated. When the measured 
impedance is greater than or equal to f(Z„jp), i.e. the 
threshold impedance, the coagulation complete flag is 
set (block 230). If coagulation complete flag is set, the 
RF is turned off (block 232) and the hardware failure 
check is run. 

[0076] If after the initial run through the program a 
hardware failure alert occurs (block 233, 236) or an in- 
terrupt occurs, the program detemnines the cause and 
indicates as such (blocks 233-242). The and l^^g 
are read, (block 235). If no current or voltage is being 
delivered to the system, the controller checks to see if 
the open circuit, short circuit or time over flags have 
been set (block 237). If so then a signal indicates which 
flags have been set, and the program is returned to start 
(blocks 240, 242). Similarly, the controller checks for the 
coagulation complete flag (block 239). If there was the 
coagulation complete flag has been set, it will be Indi- 
cated for ten seconds (block 241), If not, It will be indi- 
cated as not complete (block 240) and the program will 
return to point at the start (block 242). Preferably the 
electrical components selected to cany out the steps of 
Figs. 6-9 are adapted to provide a complete iteration of 
all the steps at least every 1/50 second. 
[0077] Referring now to Figs. 1-5 there is illustrated 
an instrument to be used in conjunction with the imped- 
ance feedback device of the present invention. An en- 
doscope linear cutting and stapling Instrument 10 Is 
shown having a housing 16 coupled to a shaft 30 with 
a lumen extending therethrough and an end effector 15 
extending from the distal end of the shaft 30. The end 
effector 15 comprises first and second elements which 
are comprised of interfacing jaw members 32, 34, Jaw 
member 32 Is movably secured to jaw member 34. The 
housing 16 has a clamping trigger 12 for closing jaw 
members 32, 34. Jaw members 32, 34 are shown In an 
undamped position in Fig. 2, in a clamped position prior 
to Instrument firing in Fig. 3, and in a clamped positron 
after Instrument firing in Fig. 4. 
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[0078] Jaw member 32 comprises an anvil 18, U- 
shaped electrode 39 extending along the length of the 
jaw 32, and a U-shaped insulating material 31 surround* 
ing the outside of the electrode 39. Jaw member 32 has 
an Inner surface 33 which faces an inner surface 35 of 
Jaw member 34. The U-shaped electrode 39 comprises 
two electrically communicating electrode bars 27, 28 
forming a first pole and located on and extending sub- 
stantially along the length of the inner surface 33. The 
U-shaped electrode 39 is comprised of a conductor, 
such as, aluminum orsurgical grade stainless steel. The 
bars 27, 28 are separated by a knife channel 29 extend- 
ing longitudinally through the middle of the electrode 39. 
Pockets 36 located on anvil 1 8 for receiving staple ends 
are located along the inner surface 33, lateral to and 
outside of bars 27, 28. The electrode bars 27, 28 and 
insulating material 31 form a ridge 56 extending out rel- 
ative to an anvil portion 37 of the inner surface 33 (Fig. 
5). The electrode 39 acts as a first pole of a bipolar sys- 
tem. The anvil 1 8 is fomied of an electrically conductive 
material and acts as a second pole of the bipolar system, 
electrically opposite to the first pole. The anvil 1 8 is elec- 
trically isolated from the electrodes by the U-shaped in- 
sulating material 31 . 

[0079] Bipolar energy may be supplied to the end ef- 
fector 15 from electrosurglcal generator 40 (fig. 10) 
through wires 19, 20 extending into the body 16 of the 
instrument. The generator 40 is user controlled by way 
of switch 42 (fig. 1 0). Wire 1 9 provides electrical cunrent 
to the electrode 39 through electrical contact means ex- 
tending through shaft 30. Wire 20 carries a current to 
the anvil 18 and is coupled to the anvil 18 through an 
electrical contact means extending through the shaft 30. 
The electrical circuit Is closed when and only when the 
clamping trigger 12 Is closed. A means of connecting 
the wire to the corresponding electrode as well as in- 
strument actuation means are described in parent ap- 
plication S.N. 08/095,797, incorporated herein by refer- 
ence. 

[0080] Jaw member 34 comprises a cartridge channel 
22 and a cartridge 23 inserted into the cartridge channel 
22. The cartridge 23 includes a track 25 for wedge 13, 
a knife channel 26 extending longitudinally through the 
center of the cartridge 23, a series of drivers 24 extend- 
ing into the track 25 and staples 1 7 arranged in two sets 
of parallel double rows. When tissue is engaged be- 
tween clamped jaw members 32, 34, a firing trigger 14 
located on housing 16 may be actuated to advance a 
cutting element 1 1 through the engaged tissue to cut the 
tissue. Simultaneously, when the firing trigger 14 is ac- 
tuated, the wedge 13 is advanced through the track 25 
causing the drivers to 24 to displace towards the staples 
1 7, thereby driving the staples 1 7 through tissue and Into 
anvil pockets 36, 

[0081] In operation, the end effector 15 of the instru- 
ment is located at a tissue site where tissue is to be treat- 
ed. The jaw members 32, 34 are opened and tissue is 
then placed between the Interfacing inner surfaces 35, 



33 respectively of jaw members 32, 34. The clamping 
trigger 12 is squeezed to cause the jaw members 32, 

34 to close to locate and compress tissue between the 
interfacing inner surfaces 33, 35. The closure of the 

5 clamping trigger 12 also closes the electrical circuit. 
When the tissue has been appropriately situated be- 
tween the jaw members 32, 34, a user may apply RF 
energy from the generator 40 using a user activated 
switch 42. Cun^ent flows through the compressed tissue 

10 between the electrode 39, i.e., the bars 27, 28, and the 
anvil IB. 

[0082] After the RF energy is tumed off, the controller 
indicates the Instrument status, e.g., open circuit, short 
circuit, coagulation complete, time over. If the coagula- 

is tion complete status Is indicated, the firing trigger 14 
may be actuated to advance cutting element 11 through 
knife channels 26, 29 to cut engaged tissue between the 
bars 27, 28 where the tissue has been cauterized. Si- 
multaneously, the firing trigger 14 advances the wedge 

20 1 3 through track 25 to advance drivers 24 to fire staples 
17 through tissue and into pockets 36 of the anvil 18. 
Thus, the cut line is lateral to the coagulation lines 
formed by the bar electrodes 27, 28 and staples 1 7 are 
applied into longitudinally double rows on each side of 

25 the cutting element 1 1 as the cutting element 1 1 cuts the 
tissue. 

[0083] The invention described and the specific de- 
tails and the manner in which it may be carried out hav- 
ing been exemplified it will be readily apparent to those 

30 skilled in the art that innumerable variations, modifica- 
tions, and extensions of the basic principles involved 
may be made without departing from the scope of the 
present Invention. The impedance feedback system as 
described above is used to indicate when sufficient cau- 

35 terizatlon has occurred. When coagulation is complete, 
a signal may be provided by a controller to a user, or a 
controllermay automatically turn off the RF energy. Oth- 
er signals may be provided to an instrument user as well. 
For example a tone corresponding to the measured Im- 

40 pedance may be provided to a user to audibly monitor 
the change in impedance. 

[0084] It is also intended that this device and/or meth- 
od be used with numerous types of electrosurglcal In- 
struments including monopolar, bipolar and multipolar 
45 configurations. The impedance feedback system may 
be included in part or in whole with the actual instrument, 
as a separate unit and/or with the energy source or gen- 
erator. 

50 

Claims 

1 . An electrosurglcal device for treating tissue during 
a surgical procedure, said device comprising: 

55 

a surgical instrument having a tissue treating 
portion including an end effector adapted to en- 
gage tissue to be treated; 
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electrically isolated first and second poles com- 
prised of tissue contacting first and second 
electrodes adapted to receive electrosurglcal 
energy from an energy source connected to 
said electrodes, said first and second elec- 
trodes being capable of conducting electrical 
energy therebetween, at least one of said first 
and second electrodes being connected to said 
tissue treating portion of said instrument; 
an energy control signal generated by an ener- 
gy control signal generator for controlling RF 
energy supplied from said energy source to 
said electrodes; 

impedance measurement circuitry coupled to 
said electrodes for measuring the impedance 
of tissue engaged by said end effector, wherein 
said Impedance measuring circuitry is adapted 
to determine a minimum Impedance value, to 
detemnine a target impedance value as a func- 
tion of said minimum impedance value and to 
compare measured impedance values to said 
target impedance value and alter said control 
signal when said measured Impedance value 
exceeds said target Impedance value. 

2. The electrosurgical device of claim 1 further com- 
prising: 

an energy source arranged to supply electro- 
surgical energy to said electrodes, wherein said en- 
ergy source is responsive to said control signal to 
supply said energy to said electrodes. 

3. The electrosurgical device of claim 1 wherein said 
impedance measuring circuitry includes: 

a first device for determining the minimum Im- 
pedance value; 

a target detennining device coupled to said first 
device, for determining the target impedance 
value as a function of said minimum impedance 
value; and 

a first comparison device for comparing meas- 
ured Impedance values to said target imped- 
ance value and generating a signal indicating 
whether said measured Impedance value ex- 
ceeds said target Impedance value. 

4. The electrosurgical device of claim 1 wherein said 
end effector includes first and second elements 
moveable relative to each other for engaging tissue 
therebetween, wherein said first electrode is locat- 
ed on at least one of said first and second elements. 

5. The electrosurgical device of claim 4 wherein said 
second electrode is located on at least one of said 
first and second elements. 

6. The electrosurgical device of claim 5 wherein said 



impedance measuring circuitry is adapted to meas- 
ure the Impedance of the tissue between said first 
and second electrodes and engaged by said first 
and second elements. 

5 

7. The electrosurgical device of claim 4, wherein: 

said first and second elements comprise first 
and second interfacing surfaces for engaging 

10 tissue to be electrosurgically treated; 

wherein said first pole is comprised of one or 
more first electrodes located on at least one of 
said first and second Interfacing surfaces; 
wherein said second pole is comprised of one 

15 or more second electrodes located on at least 

one of said first and second Interfacing surfac- 
es; and 

wherein each of said one or more first elec- 
trodes is offset from each of said one or more 
20 second electrodes with respect to said interfac- 

ing surfaces. 

8. The electrosurgical device of claim 1 wherein said 
impedance measurement circuitry comprises a mi- 

25 croprocessor controller. 

9. A method of operating a device for electrosurgically 
treating tissue during a surgical procedure, said 
method comprising the steps of: 

30 



applying RF energy to tissue to be electrosur- 
gically treated by means of an electrosurgical 
instmment; 

measuring the impedance of the tissue treated 
35 by said electrosurgical instrument; 

generating an impedance signal representative 
of the measured impedance value of said tis- 
sue; 

determining a representative minimum imped- 
40 ance value; 

detennining a representative target impedance 
value as a function of said minimum impedance 
value; 

comparing measured impedance values to said 
45 target impedance value; and 

generating a control signal to control the RF en- 
ergy to said electrosurgical Instrument in re- 
sponse to said measured impedance value ex- 
ceeding said target impedance value. 

50 

10. The method of claim 9 further comprising; 

providing a tissue engaging instrument for en- 
gaging tissue to be electrosurgically treated, 
55 wherein said instrument includes electrically 

opposite tissue contacting electrodes; 
engaging tissue to be electrosurgically treated 
between said electrodes; and 
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applying electrical energy to tissue engaged 
between said electrodes. 

11. An electrosurgical impedance feedback control de- 
vice, said device comprising: s 

impedance measurement circuitry adapted to 
be coupled to tissue contacting electrodes con- 
nected to a tissue treating portion of a surgical 
instrument and to an energy source arranged io 
to supply therapeutic electrosurgical energy to 
said electrodes, wherein said impedance 
measurement circuitry is adapted to measure 
the impedance of tissue engaged by the tissue 
treating portion of the surgical instrument; is 
said impedance measuring circuitry compris- 
ing: 

a first device for detemnining a minimum 
impedance value; ^ 
a target detemnining device coupled to said 
first device, for determining the target Im- 
pedance value as a function of said mini- 
mum impedance value; and 
a first comparison device for comparing 25 
measured impedance values to said target 
impedance value and generating a signal 
indicating whether said measured imped- 
ance value exceeds said target impedance 
value. 30 
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